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NGcai~t~n of Action of Botulinal Toxin on esDpiration

By: V.N. ABROSI0V ( oscc.)

Faculty o± Phyoiological Pathology (directo r: Azsociazto Mozber of

the Acadomy of Modical Scioncea, USSR, prof. A.D. ADO), I.V.STALIN'S

lind Uoocow Uodical Instituto-

(R~coivcd Decezbor I, 1954)

(Translated by: Zdward Lachowicz, Uaryland, Medical-Legal Foun-

dation, Inc., 700 Fleot Street, Baltimore, Laryland, 21202) 1
Tho botulinal tozin causes acute rospiratory changec; one

with injurios to various organs and physiological systems. n the 4
course of botulinal intoxication, functional disorders occur in Vhz j
upper roapiratory tracts (YA.YA. Gp.jLPIjT'), together with injuries
affo ctin pulmonary tissues (I.I.ZILBRG) and also changes in the 4

roupiratory movements in patients at various stages of the develop- !

ment of botulism (A.L. KORiTSKII). It is a kno.own fact that death
A

in botulism disease follows due to roopiratory paralysis. Even if

establishod facts about the effects of botulinal toxin on various A

functions of tho organs and on physiological systems do exist, the

mechanism of action of botulinal toxin should not be regarded as

cittrified, as the =atter 6tands today. In pathogenesis of botulism

. ,,le authors (YU.A. PETROVSKII, T.I. BATIUNMO, Y;.A. NAUEN0G,
T.I. IATVEEV, ot al.) attach importance to the vasoconstrictive

effects of the toxin, while others (E.A. L1RAV ot al.) are con-

,erned with tho injurios involving the andothelial cells of vessels,
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TEXT NOT IEPRODUCIBLE.
-~ -Pr!ntly, inv~otiuators in a groater n raber con ±dcr the injuries

ivoinvO b, tho norvous aystem as a controlling factor in the patho-

ge .Sio-Of botuliom, yet the opinions differ pertinently to the

p Oint Of assault of botulinal toxin. Poreign ivstigators (DAVIES, 4

MORGAVN', WRIGHT at al.) broadly deny any direct effect of botulinal

*oxiU :on the central nervous zystem.

In order to determine the significanco of i~urics to the nervous

system in connection with rospiratory 4isturbances caused by bctu-

iim, we studiod the characteristics of changes in respiratory

movements and in tho mechanism of action of botulinal toxin on the

respiratory ncuoroaflex -cOntrol. It has been established recently

that the "pathogonic action of microbes, toxins and viruses is not

confined, -by far, to their effects on receptors, but all branche.

of the nervous system-are objectives of their action, as well as
-numerous organs and tissues" (A.D.ADO).

We shall attempt to explain the question: what injuries in

branches of the nervous system are linked with disorders in respira-

tory movOmonts during botulinal intoxication?

Te performod three series of experiments on rabbits, female

cats and kittens. Ue detormined in the first series of experiments

the nature of changes in respiratory movements during botulinal

intcxication; in the second series wo established the changes in

the irritation threshold of the vagus, sciatic and phrenic nerves

during botulinal intoxication; in the third series we studie the

changes in the irritation threshold of the vagus nerve after ad-

'ministration of botulinal toxin to myolencephalon.
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oI ' TXT OT RE,,P.R-tODUCBL-~

4,O in~;1 : t L'za*tof+onvw*nvc' nt due to Ap&O
an ktt- ith na l-doo rILt ofo thet:= -harcos

tory '; vcmontm w tioUraodd 0:1 t~ae yo~ drun v'ith the-aid of

MAIDY 'S capstul0 omect' vi-tli tlio trc-cal tube.. 3Utul tal, toxin
Itro4 oi~1; obtcainod Proma U..I' 6n "i"ute ofDi

donilofy zz MgobioloCy; 4 fatal dboo for a, whito wouse 0.0025

wi a~iiaowd ztavnoslg llwig2 mr, per 1 -k& op-K

anzl wai-2ht, T1ho ropi.r4toi- may onto tiero, traced up to the
riomon f o adzinlfetration of btinltoxin and throughout, fi-xe'd

interval-4 of. timo ian tho' couro o? 4 to 5 hours a-fter administration,

IL aofs-1 of conrduct6od 'Oxperimantae, it has been -dete.rmined

that,t 42.tci' qadinintration of botulinal toxi .. th latter caused

a fraquocy ±ncrcouo aftor v0 to 45 minutca and a deprossion of

r!oapiraloory movomonto, In 2 to 3, 4orv alter administratioi of the

to'xint tho amyiitudq -and tho, number of rdcpiratory m'2vetne.-,ts de-

clinid, also tho exhalation action bocame protracted and thert re-

curent respiration was roeorded.i Dlca;h of animals reeited !oe

to%rspiratory paralygsi. Tho contraction of the heart vtoli w~

disootinue-1 no mooino .,than 10 to 15 iinutes after the rospi r/ I
1-I standstill,

Having dotarmined the nature of the. respiratory -cltarqes e'ffoctedi

'aby botu2.ina2 totin,j We conducqted oxperiimots- initerneed to clarify,
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EXIITETNOT R!EPRODUC1IBLE
th aehilk, of ',tlhoc chianses,

-1*Peror,,.&d on rabbits and foit~mle cats 18 rOcperiments -designad

to , et itid, thd irrita~tion th-ashold of the vagus nerve up to and

-olwiCthe adninis ration of botulindl tokin. We p2accd r)1atilL

electrode on -the central end *of the left vague nerve transected

ian-,the nteck-. 1hq irrit-ationS were accomnplished with a current fro-,

iutonci(toraZ-e tattory 2Volcts) and the Irritation cf I~e

nevelate 6s 4dn1. xtocroriments designed to establisch the

iriato trehold of-the vaguq norva were conducted rti

ntaion thait, -oloin a deo~nation of11 tho vagus nerve irr it t -1cri
t hthlis, ono cou~ld, form, ain opinion about the fuiciona c~iir

ofi theal Iodl
the Vespiratory center, inasmuch as the first inhilitio. ,f

respirattorVy ;6omidnts. appears at the vagua nerve (L,1

*tal) Te xpr~eneiacluded one -c Lde ad- tw.-side d .+ran-

siotidut of 'the Vague norvea. e believed we could i tviLe the -P-nctiona

,&I potidition of the respiratory ctnter accordi ng 11,o the threshold

*iluie of the central end of the vagus, nerve at w hich the respiratory

in1hibiLtion- occurs'- Table I -anl- figure- 1 show the tbreshold Clan
As bserved, aft~qr irritation of the vagus nerve In rabbit3 and[

dur~ifl botulinal intoxication, t

fFollowing the .administration of botulinual toxin, tlhe latte~r

caused, it first, a 'decline in-the threshold vaie o~f -ti

nerve irritation in moat rabbits. But, after .to3 hoo'rs fo~ri.-

administration of the toxin, a decline of the va*gus norve irrt.tatLion '

threshold value changed to &.f increase, thus, it, or-der -to -fttain ai-

reppiratory inhibition, we had to decrease thle range between the

4,4
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1os. Th imitation threzholA rohod in mwny e-perimonts the

-A -'t;i i tnt~do.

?i4UiS _-a. Cb..... iIn tho functional condition of the respiraory
'banter ihuc4d by botalinal intoxication in a rabbit

1ko i,. A - Irritation threfrold of the left vvgus nerve
-prior to dministration of botulina2 toxfr- (14 c ranget

of cols); B Irritation thteshold of the left vagus

znerv in I¥2 hours aftpj: administration e± botulinal

-toxlin (3O cm rane of coils0; C - Irritation threshold

-Of he alft vogus nerve after 3 hours following adminis-

-trtifn of botullnal toxin (12 cm range of coils). Time

mark 3 seconds.

e observed in some ex.primonts, e.g. in rabbit No.9, a respira-

tor! standtill without a prior decrease of the vagus nerve irri-

tation threshold value.

At times, a respiratory standstill occurred in the presence

,of comparatively low threshold values of the vagus nerve irritation

(rabbit No.17).

In some oxporiments (25, 11, 15) we. noticee a disvtorted re-

action following the irritation of the central end of tie vagus

nerve. Thus, 30 minutes after intravenous admintstration of botu-

linal toxin, the offoct in a rabbit No.25, after irritation of the

central end of the ,vagus nerve, was idontical in the presence of

6"%
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after a4uithr.o &odrio to thoriythor rfc ion.~ oh ittatmn.

-fthbSe'tr i od o40;tho vasu ctvo cq7:tt3 4 tr eati~ ii p z'Co,"uC

Sub~oqu io, Accun ot to ditera.,t thetol gleo

tbeacitic -A~e up tio and well a the tal;-Ciof Latuinlt

et n otho nocio h rsrtoyecionJ rirrtto

'Of the, :cibpic orvoete' b e dutpo cdurteri dxhe ieston rbbit'

do to bt reiratib or q aM incrasod in the- hip.,y The jue;9y. U th

wotent o.6dcb cuet induaicra aurd, the ;4S rpiater :~y eeid

it the 't~ tbal tioi &ccordng t ldmit r ata~ 0(.? btAVznl- toxin.

te thres, hold vale tof the w911ic as the rtiatn- decitiov as'

on~~i wa Iu

cihe va-u nerve, alronat acodIn to th 9C fucto conditica: ;L.

'oe6 pvouco w-ith -nutio t4,rt heor~ bte y 2~l Volts)0 bad

scatcev- irrtatio i wa eua to-th d 9 n~idt radn off rtie;,d

30 mnuts -to 1 c~ afer 1/2 our - ~ 15cm rndafte 2 c~us j



botulinal toxin; after 30 minutos - 15 C- and cfter i hour - 17 a-

-(o0 figsuo 2). it should bo .- ntionCd thzt the -to%', -Iho-

sis in rabbits of this series of o-no:irAonts ocourr., i nost

caso, with a declined threshold valuo of t..o ..i.t nia is'3iva

Figure 2 -Chanso in tho functio=zl condition of the _e,' oira-tory

cantor effocted by botulinal intoxication in rabbit

No.32. A - Th.reshold value of tho l ft sciatic nerve

irritation prior to adzministration of botulina! toxin

(10cm rango of coils); B - Threshold value of the left

ociatic nerve irritation 1 hour after administration of

botulinal toxin (15 cm ranze of coila),

tation, if compared with the threshold value noted prior to adminis-

tration of the toxin.

Many authors (A.M. IORITSCII ot al.) assume that the reason

for tho onset of respiratory disordero in botulism is the injury

ffocting the diaphragm. In order to verify this atsu mption, we

performed oxparimonts on rabbits (without narcosis) to determine

a threshold value of the phrenic norve irritation at various times

after administration of botulinal tozin. Tho recording of reapi-

ration was effcctod with the aid of LLfY'S .apsulo connected to

the tracheal tube. We dissocted and trnsccted in the neck the

right phronic nervo and we placed platinum electrodes on ita pa-



ee

ripheral end. The irritations were accomplished with current from

induction coil (storage battery 2 volts).

We noticed during the experiments that the threshold value of

the phrenic nerve irritation changed but slightly in the course of

the entire investigation; even a few minutes before death of rabbits

it remained almost the same as before the administration of botu-

linal toxin, We quote here on# record pertinent to our experiments.

Record of January 26, 1955. A rabbit weighing 2,450 gm was tied

to a bench at 10:15 o'clock. At 10:45, under local anesthesia, we

dissected the trachea and inserted a tracheal tube; we dissected

the right phrenic nerve in the neck.

At 11:16, we recorded a normal curve of respiration. At 11:2u,

the right phrenic nerve transectoed, its peripheral end ligated and

its threshold value of irritation was determined at 15 cm range

of ooilsin accordance with du BOIS-R1iYMONIPS apparatus. At 11:53,

we administered 4.9 mg of botulinal toxin into marginal vein of

the ear. At 12:50t a pneuaograph recording indicated an increase

in the amplitude of respiratory movements and an increased respira-

tory frequency; the irritation of the peripheral segment of the

right phrenic nerve produced its effect with 13 cm range of coils.

At 14:04, the pneumograph recording indicated intensificatien of

the inhalation and a decrease in the respiratory frequency, the

irritation of the peripheral end of the phrenic nerve produced a

clear intensification of the inhalation with a 14 cm range of coils.

At 14019, we noticed on the pneumogran a decrease in the amplitude

of respiratory sovesents, also the appearance of isolated deep

9
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inhalations and exhala'Von ; the irritation of the peripheral end

of the phreniG nerve produced intensification of the inhalation

and a subsequnt respiratory standstill with 13 ca range of coils.

At 14:25, the amplitude of respiratory movements declined still

further; the irritttion of the peripheral segment of the phreni.

nerve produced its effect with 14 cm range of coilb. The respiration

stopped at 14z30.

Thus, we almost detected an absence of changes in the excita-

bility of the phrenic nerve during botulinal intoxication.

Subsequently, we conducted investigation of changes in the

respiratory center after indirect administration of botulinal toxin

into the ayelencephalon, and after sprinkling the latter with botu-

linal toxin, as well as after a suboccipital administration of the

toxin.

We conducted experiments on 15 rabbits narcotized by urethan.

Aftjr dissection of the neck muscles, we cut open the atlantooccipi-

tal membrane. Botulinal toxin in a quantity of 0.1 ml (1 ml con-

tained 1 mg of toxin) wcts administered 1 to 1.5 mm deep into the

dorsal surface of the myelencephalon in the vicinity of obex. Other

experiments included an exposure of the myslencephalon and sprinkling

it with a solution of botulinal toxin (I ml of solution contained

1 Mg of toxin).

We performed some experiments for control purposes, in which

we administered a physiological solution into the myelencephalon.

The results of these series of experiments are Included in Table 2.

-- 10 --
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It io evident from Table 3) that botulinal toxin administered

directly into the myelencephalon causes noticeable changes in tke

functional condition of the respiratory center.

For example, we noticed in rabbit No.38 that, prior to adminis-

tration of botulinal toxin, the threeold value of the respiratory

center's- excitability was equal to a 19 cm range of coils, after

3Q minutes - to 22 ca end after 1 hour - to 10 ca. The sprinkling

of ayelencephalon with botulinal toxin also caused functional

okhenges in the condition of the respiratory center. Te observed in

rabbit No.49 that, prior to sprinkling the myelencephalgn with

botilinal toxin, the threshold value of the respiratory center's

excitability was equal to a 13 ca range of coils, then 1V2 hours

later it attained the value of 1 cm range. Likewise, the suboccipi-

tal administration of botulinal toxin caused changes in the excita-

bility of the respiratory center. We should add that in many experi-

mots we observed the appearance of phasic phenomenons in a pars-

biotic stage in the respiratory center. Thus, in experiments on

May 15 1954, we observed in rabbit No.23 that, 25 minutes after the

suboccipital administration of botulinal toxin, the effect was much

stronger with the irritation of the central end of the vague nerve

attained by wy of a 12 om ran&e of coils, than with 10 cm. In ex-

periment on October 8 1954 we observed in rabbit No.49 that 18

minutes after sprinkling the myelenoephalon with botulinal toxin,

the irritation effect on the central end of the vague nerve was the
- - -- -- --------------------- .- 4---------------- -- --- a

S- .Translator's Notet Table 3 is not included in the original

report.'

-- 12 --
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same at 11 ce, as at 12 cm range of coils,

As we mentioned before; some authors ol-serving clinical ma-

.terial during botulism in connection with respiratory disorders

linked the letter with injuries to diaphragm (A.M. KORITSKII) or

with Injuries to pulmonary capillaries (ItiZI1obERG). Other in-

vestigators regarded Injuries affecting the nerve centers as re-

sulting from botulism. Nevertheleas we were unable to tind in

the literature any reports on experimental research that involved

the mechanism of respiratory disorders during botulism.

The results of our experiments on animals confirmed, above

all, the known facts that botulinal intcxicatior io accompanied

by disorders in respiratory movements. Changes in the amplitude

and in the frequency of respiratory movements in animals manifested

themseIlves after 30 to 45 minutes following the administration of

toxin. Death followed Aue to paralysis of the respiratory center.

The disturbances of respiratory movements in animals occurred

simultaneously with changes in the threshold value of the vagus

and sciatic nerves irritations. Our experimente involving the irri-

tation of the central end of the vagus and sciatic nerves confirmed

the determination of changes in the threshold value of irritation8

of the nerves discuesed. Thus, the findings denote the changes in

the functional condition of the respiratory center during botulism.

Hence, on the basis of the parabiotic phases (equalizing, para-

doxical and retarding), deteeted by us in experiments No.25, 11, 15

etc., we assumed that disorders in the functional condition of the

rospire.tory center are the cause of the parabiotic changee in the

center.

3- --



u03e authors (L.a. Z&, DAVIES at al.) used a method of C
the indirect effect of the atimulue on exposed myelencephalon for

studying th. lunctional condition of the respiratory center. Our

experiments with a direct effect of botulinal toxin on myelen-

cephalon (sprinkling with toxinv or administration of toxinr irtc

cerebral tissues) enubled us to observe more clearly a development

of the perablotic phases

The absence of chax~es in the magnitude of t',e threshold Yalue ,

in *he stimuli of the phrenic nerve in botulinal iiatoxi.ation indi-

cates that the diaphragm function is not disturbed simultaneously

and that the respiratory disorders during experiment l botulinal

intoxication are not combineu with disturbances in the function

of diaphragm. 'onsequently, our findings do not t-orfirm the tatemet

of some authors (BROOMS et al.) that botu]lnah toxin disrup1, ",

conducting of stimulation turough myoneural Junctions.

Our investigations proved that, in the de'elcpmenc of disorders

in respiratory movements during botulinal intoxication, a disruption

in the functional condition of the respiratory center plays its part.

Conclusion

1, Botulinal toxin causes (in animola) respiratory disorders,

which, at firet, manifest themselves by the increased reeriratory

frequency and by depremsion of respiration, later by a decreased

frequency and by a decline in the amplitude of respiratory movements,

particularly in a protraction of the exhalation action. Subsequently,

a recurrent respiration ensues and the paralysis of the respiratory

c--r follows.

1 ~4
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2, As a result of administered botulinal toxin, changes in

the reflex reaction of respiration affect the stimuli of the vagus

nerve stud, to sot* extent, those of the sciatic nerve, which is

reflected in the excitability of the respiratory center during botu-

linal intoxication. Directly after administration of the toxin one

observes An increased excitability in the respiratory centers. But,

some time later, following administration of the toxin, a decline

in the threshold value of the respiratory center's excitability

changes to an increase. Then, one can observe parabiotic phLase

phenomena in the respiratory center.

3. The excitability of the phrenic nerve changes slightly

during botulinal intoxication.

4. The disorders in respiratory movements of animals during

botulinal intoxication are combined with a devvlbpment of the pbrn-

biotic condition in the respiratory center.
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